ODY conformation in cattle is one of the important bases in judging and selecting animals for breeding and production purposes. Measurements taken on various parts of the body furnish an objective description of body conformation. The ability of cattle to produce meat could be estimated with these measurements if relationships between body measurements and meat production characters were obtained. A number of studies have been made on the relations of certain body measurements to some of the performance factors of steers, such as Black, Knapp and Cook (1947) Kohli, Cook and Dawson (1951) relations between some body measurements and certain performance characters; Knapp and Cook (1933) comparisons of body measurements; Lush (1928 Lush ( , 1932 ) the change of body measurements and the relations of body shape to the rate of gain and dressing percentage; Severson, Gerlaugh and Bentley (1917) body measurements and gain of steers; and Willard (1948) birth weight and weight gain. Since the characters studied varied, the conditions under which the studies were made were not all the same and the results differed somewhat, there is a need for further studies.
This study is based on nineteen body measurements taken on foot immediately before slaughter, and eight meat production characters of 163 steers. Relationships between meat production characters and body measurements as well as relationships among the body measurements were studied. The comparisons of the importance of the measurements were made in order to select a part of them to represent the nineteen measurements.
Materials and Methods
The data used in this study were from 101 beef Shorthorn and 62 Milking Shorthorn steers. These steers were the offspring of 18 and 10 sires respectively. They were raised at the Beltsville Research Center from 1940 to 1950. All the animals were nursed until they reached 500 pounds live weight and then were fed individually in a record of performance test to a ]ive weight of 900 pounds when they were slaughtered. During the feeding period the animals received a mixture consisting of cracked yellow corn 5 parts, ground oats 3 parts, wheat bran 1 part, and linseed meal with 31 percent protein 1 part by weight, with a total digestible nutrients of 75.5 percent and a total digestible protein of 10.57 percent. No. 2 leafy alfalfa hay was given to the steers at the rate of approximately 1 pound of hay to every 2 pounds of concentrate. Concentrate was full fed to the steers and none of the animals had access to pasture.
Nineteen body measurements of each steer were taken on foot immediately before slaughter (figure 1). The body measurements were taken by the same person in triplicate and averaged in order to eliminate as much as possible the variations caused by changes in the position of the animal. Birth weight, number of days to weaning, number of days to final weight, efficiency of feed utilization, average daily gain, slaughter grade, carcass grade, and dressing percentage of the steers were regarded as the meat production characters. Efficiency of feed utilization was expressed as pounds of gain per 100 pounds of total digestible nutrients consumed during the feeding period. Slaughter grade and carcass grade were the average of scores made by three members of a committee who were familiar with the standard grades of steers adopted by the U.S.D.A. The carcasses were graded after cooling for 72 hours. Dressing percentage was obtained by dividing the cold carcass weight by the live weight of the steer taken immediately before slaughter.
-The methods described by Snedecor (1948) for calculating simple and multiple correlation coefficients and determining their significance were used in this study. Variances and covariances caused by breed differences were calculated and subtracted from the total variances and covariances for the characters and measurements. The eight meat production characters and nineteen body measurements could be divided on the basis of their relationships and correlations into eight main groups and two subgroups as follows:
Group I. Correlation coefficients between the characters or measurements within each group were in general significant but the correlations between the characters or measurements of different groups varied (tables 1, 2 and 3). The growth characters formed the first group and were divided into two subgroups. Days to final weight was highly correlated with all the other four characters in the first group and was put in both subgroups. A heavier birth weight was closely associated with a shorter period to reach 500 pounds weaning weight and 900 pounds final weight, and the number of days to weaning was positively and highly correlated with the number of days to final weight. Kohli et al. (1951) obtained a similar result for 157 Milking Shorthorn steers of which 62 animals were also used in this study. The results obtained by Dawson et al. (1947) working with beef Shorthorn steers showed similar relations between birth weight and the subsequent growth to 500 pounds and to the growth from birth to 900 pounds of body weight. However, they found no relation between the number of days from birth to 500 pounds and the number of days from 500 pounds to 900 pounds. The number of days to final weight was closely associated in a negative way with the efficiency of feed utilization and with average daily gain. A high positive correlation coefficient existed between average daily gain and the efficiency of feed utilization. This indicates that the greater the daily gain of the animals the less the time required and the smaller the amount of feed needed to reach the final body weight for slaughter. Kohli et al. (1951) Shorthorn steers. All the three beef characters were highly correlated with each other. The indication was that the scores of live steers graded on foot before slaughter could be used to predict their carcass grades fairly well and to a lesser extent their dressing percentages which can be obtained only after slaughter. Using carcass grade to predict dressing percentage would be more precise than using slaughter grade as there existed a somewhat higher correlation between carcass grade and dressing percentage, but it would, of course, not be as useful since if the animals are killed dressing percentage can be obtained directly.
Height at withers was highly correlated with all the three other characters in the height measurement group and is the best single measurement to represent this group of measurements. However, depth of chest was not correlated with height at floor of chest and height at flank in this group. Length of body in the length measurement group was significantly correlated with the other two length measurements. There was no correlation between the length of rump and the length of coupling. The three head measurements were moderately correlated to each other. The characters in the width measurement group were all highly correlated with each other and the width at chest was the best measurement to represent the group. In the circumference group the circumference of navel was the best one to represent the whole group of measurements as there was no correlation between the circumference at fore flank and the circumference at rear flank. The last group consisted of one character only, the circumference at shin bone, which was significantly correlated with height at flank.
Growth characters were irregularly correlated with the characters in the other groups. A steer with a heavier birth weight tended to have a poorer slaughter grade, carcass grade and dressing percentage than one with a lighter birth weight. On the contrary, a steer with a longer period from birth to weaning and to final weight tended to have a better dressing percentage than one with a shorter nursing or feeding period. The growth characters were for the most part negatively correlated with the width measurements but not significantly except for the correlation between birth weight and width of chest. The higher the birth weight, the narrower the width of chest would be. Birth weight was positively correlated with height at floor of chest, length of body, and circumference at shin bone. The small negative correlations between growth rate characters and head measurements indicate a slight tendency for animals with smaller heads to have faster growth than those with larger heads. This is not at all conclusive since the correlations are small and most of the correlations were not significant. The negative correlations between the growth rate characters and circumference measurements also showed that those animals with a smaller circumference would have a better growth rate (efficiency of feeds utilization and average daily gain) than those with a larger circumference. Efficiency was also negatively correlated with dressing percentage so that a faster growing steer would have a poorer dressing percentage. The trend seems opposite to the general assumption but it must be remembered that all of these steers weighed approximately 900 pounds when measured.
Beef characters had a general trend of positive correlation with all the width and circumference measurements. Slaughter grade was negatively correlated with all the height, length and head measurements. Carcass grade was also negatively correlated with most of the height measurements. Cook et al. (1951) obtained similar results in Milking Shorthorn steers. Knapp et al. (1933) obtained similar results and selected heart girth, width at chest, and width at shoulder as indices for the fleshing of steers.
All the height measurements were positively correlated with all the length measurements although not all were significant. They could be regarded as one group of measurements which indicated the size of the animal. They were all negatively correlated with beef characters and could be called non-meat-production measurements or skeletal measurements as Knapp et al. (1933) and Cook et al. (1951) did. All the width measurements were positively correlated with all circumference measurements and could be regarded as another group of measurements which indicated the thickness and heaviness of the beast and could be called fleshing measurements as Knapp did. Considering the relations 'between birth weight and all the other characters and measurements, it seems that birth weight is somewhat similar to the skeletal characters. It was positively correlated with height at floor of ches L length of body, and circumference at shin bone, but negatively correlated with all the width measurements which indicated the amount of meat production of steers. Birth weight was also negatively correlated with all the beef characters.
Depth of chest was not correlated with height at floor of chest and height at flank in the same height measurement group, but it was significantly correlated with all the three circumference measurements. This measurement might therefore be regarded as a measure-ment in the circumference measurement group. Height of flank was the only measurement significantly correlated with circumference at shin bone. In the length measurement group, length of rump was not correlated with length of coupling but it was correlated with all the width measurements. Therefore this measurement might be included in the width measurement group.
Multiple correlation coefficients for beef characters with those body measurements which were most closely related to these characters were as follows:
Rs.236~.4838 1% significance level----.244 Re.17~---.4942 1% significance level~.208 Rd. 45~.4357 l~/c significance levelz.208 s~slaughter grade, c~carcass grade, d~dressing percentage, 1 ~height at withers, 2zheight at floor of chest, 3~length of rump, 4zwidth at shoulder, 5~circumference at fore flank, 6~circumference af navel, 7~circumference at rear flank.
All the above multiple correlations were highly significant. It is believed the addition of more independent variables would not increase the size of these multiple correlations appreciably. Indices for the evaluation of beef characters could therefore be obtained by the following formulas in which the related body measurements with positive simple correlations to the characters were used as numerators and those with negative correlations as denominators:
circumference at navel Index, slaughter grade~ height at floor chestxlength of rump circumference at rear flank Index, carcass grade=:
height at withers Index, dressing percentage~width at shoulderxcircumference at fore flank A general index for the relationship between beef characters and body measurements could be expressed with the following formula:
Index for beef characterz width• height x length This formula would be an aid in the selection of animals especially in connection with a long time breeding program even if the multiple correlation figures obtained were not large enough to make a very accurate prediction for meat production. Black et al. (1938) and Lush (1928) found high correlations between body measurement-ratios and slaughter grade, dressing percentage, and fatness of steers when the ratios were expressed in the same way as in the above formula, but low correlations when the ratios were expressed in other ways. Knapp et al. (1933) suggested that the ratio of heart girth and height at withers could be regarded as an expression of the amount of meat on the animals. Black et al. (1938) and Lush (1032) worked on cattle of different breeds and obtained higher correlations than the correlations studied in this paper. A possible reason for the high correlations in their results is that the variances and covariances caused by breed differences were not eliminated in their calculations. As breed differences were one of the important factors in the present study they could bring about a great amount of variance and covariance in the data.
Summary
Data of eight meat production characters and nineteen body measurements from 101 beef Shorthorn steers and 62 Milking Shorthorn steers raised at the Beltsville Agricultural Research Center were used to study realtionships between these characters and the measurements. Since the material was from two different breeds, the variance and covariance caused by breed differences were calculated and subtracted from the total variances and covariances to increase the homogeneity of the data.
All the eight meat production characters and nineteen body measurements were divided into eight main groups and two subgroups. Characters or measurements within each group or subgroup were in general well correlated with each other. Each body measurement group could be represented fairly well by one measurement which was highly correlated with all the other measurements within the group. Height at withers was the best for the height measurement group, length of body for the length measurements, width of muzzle for the head measurements, width at chest for the width measurements, and circumference at navel for the circumference measurements. Depth of chest was well correlated with all the circumference measurements and could be included in the circumference group instead of the height group. Length of rump could be included in the width group rather than the length group.
All the width and circumference measurements were positively correlated with slaughter grade, carcass grade and dressing percentage, and could be called fleshing measurements. All the height and length measurements were negatively correlated with slaughter grade and could be called skeletal measurements. Birth weight had positive correlations with most of the height and length measurements but negative correlations with the width measurements. It was thus similar to the skeletal measurements. A higher birth weight tended to go with less days to weaning, less days to final weight and poorer beef characters, but it also tended to go with a greater daily gain and higher efficiency in feed utilization than a lower birth weight.
Measurements of head, width and circumference had negative correlations with efficiency of feed utilization and average daily gain. This indicated that a steer with a small head, narrow body and small body circumference would have a better efficiency and daily gain when all steers were measured at 900 pounds than one with a larger head, wider body and larger body circumference.
Significant multiple correlations between the beef characters and some body measurements were obtained. Formulas for calculating indices for the beef characters were derived on the basis of the relationships between the beef characters and their closely correlated body measurements:
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